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INTRODUCTION 

The detrimental impact of fatigue on aircrew effectiveness has long 
been an area of concern for the f l i g h t  commander. This concern has in- 
creased as the workload of the aircrew has been enlarged to sat is fy  the 
modern tact ical  requirements of: 

I .  Around-the-clock operations. 1 2 

2. Fl ight  prof i les which capi tal ize on terrain masking. 3 

3. Avoidance of the intensive an t i a i r c ra f t  threat.  4 

4. The operation of sophisticated equipment s in addition to normal 
f l i g h t  duties. 

In addition to his normal concern for the aviator 's  welfare and the 
ef fect ive u t i l i za t i on  of his aviation resources, the local f l i g h t  com- 
mander now has the responsib i l i ty  under US Army regulation (AR 95-I,  
Chapter 5, Para 5-9 and Table 5-I)  6 to establish f l i g h t  time l imi ta t ions 
and crew rest requirements for those aviators under his command.~At the '~: 
current time the local f l i g h t  commander has l i t t l e  specif ic information 
at his disposal to assist him in f u l f i l l i n g  this responsib i l i ty .  Not 
only is there a noticeable lack of guidelines for evaluating the effects 
of fatigue and extended f l i g h t  requirements on d i f ferent  a i r c ra f t  
missions; but, also, there is no available method of obtaining a prac- 
t ica l  measurement of an aircrew's current fatigue level and s u i t a b i l i t y  
for future missions. This type of information is essential i f  the local 
commander is to make informed judgments on the current level of aircrew 
fatigue and the probabi l i ty  of mission accomplishment. 

The US Army Aeromedical Research Laboratory (USAARL) has long 
recognized the impact of aviator fatigue on the well-being of the 
soldier as well as the potential impact on the aviation mission. 7-13 
USAARL developed an extensive fatigue research program in a sc ien t i f i c  
e f fo r t  to provide relevant information to the f l i g h t  commanders. One 
phase of th is investigation consisted of an extensive f i e ld  study which 
examined the effects of extended f l i g h t  requirements on aviator fatigue 
and performance. Because of the magnitude of th is invest igat ion, the 
analyt ical results w i l l  be presented in several stages. The purpose of 
the current report i s ~  provide a thorough description of the fatigue 
investigation to be used as the background for the more speci f ic  de- 
script ions that accompany each technical report. 

. . . . . . . . . . . . . . . .  L . . . . . . . . . . . . . .  
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~The goal of th is  f i e l d  invest igat ion was to iden t i f y  a pract ical  
method of measuring aircrew fat igue. Thus, the USAARL research team 
investigated biochemical, physio logical ,  and psychological parameters in 
conjunction with measures of man-helicopter system performance during a 
period of exhaustive f l i g h t  ac t i v i t y .  This fat igue study was conducted 
over a 6-week period and examined a to ta l  of six experimental subjects 
to iden t i f y  an object ive measure of aircrew fat igue, pa r t i cu la r l y  p i l o t  
fat igue, that could be readi ly  used in the f i e l d  environment. This 
fat igue measure would also be compared to d i rect  measure of hel icopter 
performance and, thus, provide the f l i g h t  commander with the speci f ic  
fat igue information that he requ i res~ 

The current report f i r s t  presents an examination of previous l i t -  
erature that is relevant in describing the effects of aircrew fat igue. 
I t  i den t i f i es  several information gaps that must be f i l l e d  to provide 
relevant information to the f l i g h t  commander. The c r i t i c a l  review is 
followed by a descript ion of the USAARL fat igue study. This includes a 
presentation of the experimental schedules and a descript ion of the 
invest igat ion procedures. The current report presents a thorough 
descript ion of the information reduction process required to prepare the 
i n - f l i g h t  man-helicopter system performance data for  analysis. 

CRITICAL REVIEW OF THE LITERATURE 

The overal l  goal of the USAARL fat igue research program is to pro- 
vide the f l i g h t  commanders and other decision makers with pract ical  
information on which to base mission judgments. One ongoing port ion of 
the USAARL fat igue research program consists of reviewing the fat igue 
related research l i t e ra tu re  to extract relevant information. I t  quickly 
becomes apparent that a great deal of previous ~esearch has examined 
physiological changes in humans and the i r  performance resul t ing from 
some form of fat igue. I"-18 I t  also becomes apparent that this research 
is presented under a wide var ie ty  of labels, including fat igue studies, 
sleep loss or sleep deprivation invest igat ions,  examinations of work/ 
rest cycles, performance during extended operations, and others. Several 
authorsZ9 2o have noted the confusion that has been caused using the 
term "fat igue" to mean d i f fe ren t  things. Within the current report and 
those future reports describing the f i e l d  invest igat ion,  fat igue is 
considered to be the resul t  of the extended f l i g h t  requirements. In 
th is sense, the concept of fat igue cannot be considered apart from i t s  
inherent components which include changes in the a b i l i t y  of the man to 
control the hel icopter,  the subjective feel ings of " fat igue" that were 
reported by the subjects, the changes in "mood and alertness,"  and the 
changes in the physiological state of the subject. 

This operational de f i n i t i on  of the term fat igue f i t s  appropriately 
under a more general area of research; that is ,  "operator workload." 



"Workload" is another term with many definitions that vary between 
authors; however, one definition of the workload research area presented 
by Jahns 21 seems particularly useful. Basically, Jahns has suggested 
that workload, including the effects of such factors as fatigue, is not 
a unidimensional measurement, and that to provide meaningful quantita- 
tive answers regarding workload "we must begin to look at and handle the 
overall integrated complexity of man-machine environment systems." In 
adopting a practical approach to handling the relevant workload vari- 
ables, Jahns has suggested dividing the broad area of operator workload 
into three functionally relatable attributes: 

I. Input including the environmental, situational and procedural 
inputs. 

2. Operator effort which is operationally defined as the proportion 
of processing capacity used to meet the processing requirements. 

3. "Work result" generatedthrough the effort exerted by the human 
operator, which serves as input to other components of the man-machine 
environment system and provides feedback on effqrt adequacy. 

An advantage of viewing fatigue as only one of many factors that can 
impact the man-machine system performance is that i t  allows one to 
examine previous research and determine which of the relevant factors 
affecting the operator's workload have been addressed. This point of 
view provides a reasonably standard frame of reference for examining 
research results and subsequently determining i f  this research offers 
practical guidelines for operational questions concerning specific man- 
machine systems. For example, during the USAARL f ield investigation 
described in this report the goal was to measure the level of pi lot  
"fatigue" and determine the effect on the man-helicopter system perfor- 
mance. To induce this fatigue, the pilots were required to operate 
under an extended f l ight  schedule. This report demonstrates that from a 
system point of view many aspects that could affect operator workload, 
such as the type of aircraft and the type of mission, were held constant 
during the investigation. Other aspects of the system that affect 
workload such as weather, wind, and the illumination level could not be 
controlled, but were measured to provide statistical control of their 
effects on performance. Using the man-helicopter system point of view, 
the results from this investigation and the results from previous studies 
can be examined to determine practical guidelines for f l ight  planning 
purposes. 

In seeking to provide practical information to aviation resource 
managers another point of contention within the f ield of workload re- 
search becomes evident. There appears to be a l ively international 
debate concerning the appropriate measure of workload. In many cases 

9 



the type of informat ion that  is required and the degree of system com- 
p le t ion ( i . e . ,  f u l l y  operat ional systems vs paper design) e f f e c t i v e l y  
determine the appropriate measure of workload for  that  system. However, 
when examining complex systems such as the he l i cop te r ,  some authors 22 
suggest that  a workload measure that  concentrates on operator e f f o r t  is 
preferable to a measure of system performance. Given the emphasis on 
providing pract ica l  informat ion to av ia t ion commanders, i t  is imperative 
that  the man-hel icopter system performance be considered as being of 
primary importance. For th i s  inves t iga t ion ,  measures of  e f f o r t  both 
from a psychomotor and physiological  viewpoint are also regarded as 
important measures re f l ec t i ng  the fa t igue- re la ted  changes in man-hel i-  
copter system performance. 

During an extensive review of the performance and fa t igue l i t e r a -  
ture,  invest igat ions were divided into three categories on the basis of 
the types of fa t igue measures that  were employed: 

I .  Subjective measures of an i nd i v i dua l ' s  a b i l i t y ,  readiness or 
performance obtained e i ther  from the ind iv idua l  h imsel f  or from some 
"expert judgment source." 

2. Measurements of changes in the biochemical or physio logical  
status of the ind iv idua l  as a resu l t  of fa t igue and i t s  antecedent 
condi t ions.  

3. Measurement of changes in the i nd i v i dua l ' s  task performance 
e i the r  in the time to complete the task, the number of tasks completed 
or the error  produced duri:~g a continuous task. 

In an e f f o r t  to more Clear ly  present the relevant in format ion,  these 
three categories of fa t igue research were fu r the r  divided into those 
studies that  were conducted in a laboratory set t ing (or in a nonaviation 
f i e l d  environment) and those studies that  were d i r e c t l y  l inked to some 
aspect of aviat ion~ 

LABORATORY RESEARCH 

Previous laboratory research on continuous operat ions, sleep loss 
and fa t igue has shown a wide var ie ty  of e f fec ts  on performance tasks 
from no e f fec t  to a complete breakdown in measured performance. Most 
ear ly lab studies fa i l ed  to discover predictable and cons is tent ly  
detr imental e f fec ts  as a resu l t  of extended sleep loss, The only 
r e l i ab l e  changes obtained from th is  area of research were in the sub- 
j ec t i ve  rat ings of mood and in the appearance of  the subjects. 14 Major 
refinements in the methods of examining performance data were necessary 
before research invest igat ions on sleep depr ivat ion were able to produce 
consistent and rep l i ca t i ve  resu l ts .  

I0 



Early approaches in the fat igue research areas emphasized the 
measurement of changes in the accuracy of the man's performance. This 
method of examination was not consistent in obtaining repeatable fat igue 
effects. As a resul t  of these shortcomings, a new approach was de- 
veloped in which the man's performance was examined to iden t i f y  those 
periods where there was anabsence or pause in measured responses. Much 
of th is  ear ly work and development of a more consistent research meth- 
odology can be credited to the research programs at Walter Reed Army 
Ins t i tu te  of Research (WRAIR). B i l l s ,  23 in studying mental task per- 
formance, found that the frequency and duration of those time blocks 
where the subject 's responses were reduced, increased with fat igue,  and 
that errors tended to occur in conjunction with these lapses of re- 
sponse. B i l l s  suggested that these lapses were involuntary rest periods 

• 2 4  which delayed the onset of major fat igue ef fects.  B3erner showed 
physiological indicat ions of sleep occurring when these lapses were 
observed in a reaction time task. In addit ion to these invest igat ions,  
researchers at WRAIR conducted a series of studi~s to evaluate various 
laboratory tasks for  sens i t i v i t y  to sleep loss. iFrom these studies 25 
they developed four points regarding the WRAIR laPse hypothesis: 

I .  Sleep-deprived subjects show b r ie f  in termi t tent  lapses in re- 
sponse, and these lapses increased in frequency and duration as the 
hours of sleep loss increased. 

2. Certain factors in a test  s i tuat ion tend to a le r t  the subject, 
thus preventing or shortening the lapses. These include massive sensory 
st imulat ion such as physical exercise or shock, feedback on performance 
qua l i t y ,  or change in task. 

3. Overlearned task or' automatic response sequence is r e l a t i ve l y  
resistent to sleep loss. 

4. Many, but not a l l ,  tasks w i l l  be a f fec tedby  diurnal rhythm 
influences on sleep loss and w i l l  show greater performance change 
during the ear ly  morning hours. 

Although the lapse hypothesis explained most laboratory performance 
decrements fol lowing sleep loss, especial ly in v igi lance or motor per- 
formance laboratory tasks, z4 i t  did not adequately describe memory 
performance decrement. In invest igat ions of immediate recal l  of word 
l i s t s ,  i t  was determined that sleep loss caused d i f f i c u l t i e s  in the 
formulation of the memory trace. 2s Other authors 26 prefer to emphasize 
change in information processing capab i l i t y  rather than lapses or 

per iods of microsleep. 

In an e f f o r t  to provide results that can be better generalized to 
operational s i tuat ions,  several invest igators have examined sustained 
performance on a var iety  of performance tasks. Drucker [and others] 27 

I I  

. m 



studied enl is ted tank crewmen to determine the ef fects  of to ta l  sleep 
loss incurred during 48 hours of continuous operation on simulated 
dr iv ing and target  recognit ion tasks. This study showed substantial 
decrements in dr iv ing and target  recognit ion during the second night.  
The authors concluded that there was a substantial  inf luence of the 
circadian cycle during the second night.  They suggest that there was 
re la t i ve l y  l i t t l e  gain in to ta l  p roduct iv i ty  as a resu l t  of working for  
48 hours without sleep as compared to working shorter periods with time 
o f f  for  sleep. They found that  job rotat ion helped to improve the task 
performance s l i g h t l y ,  but that  th is  was not su f f i c i en t  to overcome the 
sleep loss ef fects  seen during night performance. Drucker and his 
associates suggest that  fat igue could be reduced by l i m i t i n g  continuous 
performance to a range of from 36 to 40 hours i f  the continuous perfor-  
mance is started in the morning. 

Morgan, A l l u i s i  and the i r  associates 28 29 have examined a wide range 
of sustained performance schedules using the Mul t ip le  Task Performance 
Battery. From these invest igat ions,  28 they found that even though 
performance did not always fo l low the diurnal cycle during normal work 
periods, i t  was l i k e l y  to do so during periods of continuous operations. 
During 48 hours of continuous operations, subjects were able to maintain 
the i r  performance near 100% of baseline for  approximately 18 hours. 
Performance then d~opped to nearly 81% of baseline during the las t  8 
hours of the f i r s t  24-hour period. This point of degraded performance 
coincided with the end of the f i r s t  night.  On the second day, per- 
formance improved to above 80% of baseline and then h i t  a low point of 
about 67% of baseline during the second night .  These f indings suggest 
that the accuracy of performance is an e f fec t ive  measure of fat igue when 
used in a more r e a l i s t i c  simulation of complex work environments. 

The d i f f e r e n t i a l  e f fec t  of age and experience in adapting to fat igue 
was demonstrated by an invest igat ion 3° that examined e lect ron ic  r i f l e  
f i r i n g  by young o f f i ce rs  and corporals, and for senior o f f i ce rs  during 
72 hours of continuous operations. Both age groups showed f a i r l y  stan- 
dard increases in fat igue levels ,  pa r t i cu la r l y  at n ight .  The peak 
fat igue level for  the th i rd  night was s imi la r  to that  seen during the 
second night and the authors have suggested a f l a t ten ing  of the fat igue 
level a f te r  i t  has reached i t s  maximum value. A f ind ing of in te res t  was 
that the senior o f f i ce rs  did not show performance decrements in the 
r i f l e - f i r i n g  task. 

Those invest igators who have examined operational performance in the 
f i e l d  general ly have not found the same performance decrements demon- 
strated in s imi la r  laboratory research. When Haggard 3~ attempted to 
rep l ica te  the study on sleep loss ef fects on tank dr iv ing performance, 27 
he found no performance decrements that could be a t t r ibu ted  to fat igue 
a f te r  48 hours of continuous operations. Haggard concluded, " I t  would 
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appear that the usual laboratory s i tuat ion requiring continuous perfor- 
mance of a single task does not su f f i c i en t l y  duplicate the job s i tuat ion 
where many tasks must be performed--any one of which occurs only peri-  
odical ly .  Thus we might well question the continuing use of standard 
tasks, in present laboratory s i tuat ions,  to predict job performance in 
real l i f e  s i tuat ions."  

In thei r  outstanding review of previous laboratory fatigue research, 
Johnson and Naitoh I" have ident i f ied seven general factors which in- 
fluence the ef fect  of sleep loss on man's performance: 

I .  Task duration. The longer the task the more sensitive i t  is to 
total  sleep loss. 

2. Knowledge of results. Immediate feedback on the qual i ty  of 
performance minimizes the effects of total  sleep loss. 

3. D i f f i c u l t y  of task. Performance on d i f f i c u l t  tasks is more 
sensitive to sleep loss. 

4. Task pacing. Work on self-paced tasks resists sleep loss 
effects much better than work on forced-pace tasks. 

5. Proficiency in task performance. Previous research has in- 
dicated that newly acquired sk i l l s  are more affected by loss of total  
sleep than those s k i l l s ,  par t icu lar ly  motor s k i l l s ,  which have become 
almost automatic or highly overlearned. 

6. Task complexity. The more complex the task, with respect to a 
sequence of mental operations and/or the execution of complex muscular 
ac t i v i t i e s ,  the more l i k e l y  i t  is to be sensitive to sleep loss. 

7. Memory requirements. Any task which requires a short-term 
memory chain w i l l  be affected by sleep loss. 

!n addition to these task related factors, Johnson and Naitoh 14 have 
pointed out that other factors such as high interest in the job, or high 
motivation, can lessen the performance decrements observed during long- 
term operations. The influence of circadian or diurnal rhythms has been 
observed in most of the sustained performance research and i t  has been 
shown that repeated exposures to total sleep loss increases the ef fect  
on task performance. 

Even thoughthe results from this massive quantity of previous 
laboratory and f i e ld  research are not always consistent or conclusive, 
there are two posit ive findings that are applicable to developing 
f l i g h t  planning guidelines: 
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I .  The influence of the circadian rhythm on tasks performed during 
sustained operations has been repeatedly demonstrated. An inevi table 
resul t  of sustained operations is the d isrupt ion of the normal sleep/ 
wake cycle and the requirement to perform during periods of low met- 
abol ic a c t i v i t y .  Thus, any predict ion of man's a b i l i t y  to perform must 
take these in ter re la ted factors of diurnal rhythm and sleep/wake cycle 
disrupt ion into account. 

2. Previous research has produced evidence to determine what type 
of change in performance w i l l  occur; that  i s ,  lapses in the performance 
or changes in information processing rates. This research has also 
shown that performance decrements w i l l  usual ly appear a f te r  about 18 
hours of continuous operations and again a f te r  about 48 hours, par- 
t i c u l a r l y  i f  these time periods occur at night during the normal diurnal 
low period. 

However, there are several major drawbacks in attempting to use the 
resul ts from previous laboratory and f i e l d  research in specifying the 
ef fects of fat igue in an operational environment. I t  is extremely 
d i f f i c u l t  to generalize from th is  type of highly contro l led and a r t i -  
f i c i a l  research to the actual f i e l d  environment of the aircrew. Pre- 
vious attempts to rep l icate  laboratory research in the f i e l d  environment 
have shown that lab tasks do not adequately represent the complexity or 
d i ve rs i t y  of the real world. I t  has often been observed that many of 

t h e  sustained laboratory tasks are boring and monotonous and cer ta in ly  
lack the respons ib i l i t y  and motivation evident in the operational f l i g h t  
environment. The laboratory s i tua t ion ,  which usual ly includes a we l l -  
defined and contro l led task, also l im i t s  the f l e x i b i l i t y  of the operator 
in developing adaptive strategies or techniques to accomplish the 
mission. 

AVIATION RESEARCH 

As early as 1951, there was a wel l -def ined in terest  in the ef fects 
of fat igue on the aviator .  Ba r t l e t t  32 u t i l i zed  the f indings from 
aircrew simulation research and other invest igat ions to develop his 
concept of s k i l l  fat igue. Ba r t l e t t  f e l t  that  th is  s k i l l  fat igue was the 
major factor  in aviator performance changes. He f e l t  there were four 
consequences of th is  s k i l l  fa t igue:  

I .  A deter iorat ion in the accuracy of t iming the components of the 
sk i l l ed  tasks with a decrease in the level of s k i l l .  

2. P i lo ts  accept a lower standard of accuracy and performance 
without an appreciat ion that they are doing so. 
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3. There is a d is in tegra t ion  of the perceptual f i e l d  so that 
readings from individual instruments are no longer integrated into an 
overal l  pattern. 

4. The p i l o t ' s  range of a t tent ion is narrowed so that some ins t ru -  
ments or tasks, pa r t i cu la r l y  peripheral ones, are forgotten or ignored. 

More recent ly ,  Hartman, Hale and the i r  associates 33-42 have de- 
veloped a considerable body of research f indings re la t ing  the ef fects  of 
extended operations to the p i l o t ' s  capab i l i t y .  As a resu l t  of t he i r  
extensive research they have developed the concept of the physiological  
cost required of the aircrew to maintain a sustained level of  per for -  
mance. In t he i r  study of sustained operations, Hartman, Hale and Johnson 43 
determined that th is  physiological cost was revealed by: 

I .  Relative hypothermia which has been described as a response to 
acute stress. 

2. Increased subjective f indings of fa t igu e . 

3. Increased quant i t ies of ur inary catecho~amines and 17-hydroxy 
cor t icostero ids.  

Hartman, Hale and Johnson 43 have also observed massive changes in 
ur inary by-products from long duration missions which were aborted due 
to crew fat igue. Johnson and Naitoh 14 have suggested that i t  would be 
in terest ing for  future research to determine what port ion of th is  
physiological cost is due to the f l i g h t  environment and what port ion is 
due to sleep loss, since such dramatic changes in physiology have not 
been apparent in the nonf l igh t  research. 

B i l l i ngs  44 has also conducted research on the physiological cost of 
p i l o t i ng  a ro tary  wing a i r c r a f t .  His resul ts  indicate that the meta- 
bol ic  cost of p i l o t i ng  a UH-I in a hover is roughly equivalent to walk- 
ing in place at 80 steps per minute. B i l l i ngs  has also invest igated the 
e f fec t  of fat igue during several hours of f l i g h t .  He found that there 
were substantial indiv idual  dif ferences in performance resu l t ing  from 
th is  r e l a t i v e l y  short-term fat igue e f fec t .  

One study that addressed the actual operational consequences of 
sleep loss was conducted by Brictson 4s with his invest igat ion of a i r -  
c ra f t  ca r r ie r  landings. This research pointed out that  changing or 
d isrupt ing a p i l o t ' s  routine or sleeping pattern resulted in the in-  
creased occurrence of landing errors. 

In addit ion to the research which addresses the operational costs of 
sleep loss and fat igue to the p i l o t  and the man-aircraf t  system, there 
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is also a considerable quant i ty  of research which focuses on estab- 
l i sh ing  reasonable l i m i t s  to f l i g h t  time and crew rest  for  extended 
f l i g h t  missions. 4~-S° 

A cohesive summary of conclusions appl icable to the f l i g h t  environ- 
ment, resu l t ing  from the numerous invest igat ions on sleep loss, sus- 
tained performance, and fa t igue ,  are presented by Johnson and Naitoh. 14 
These conclusions are: 

I .  The operat ional consequences of sleep loss and sleep d e f i c i t  are 
d i f f i c u l t  to determine with less than 60-72 hours of  sleep loss. 

2. The subject ive a t t i t ude  of the subjects is the primary fac tor  
af fected by sleep loss. 

3. There have been no studies that  have conclusively demonstrated 
consistent  performance decrements as a resu l t  of pa r t i a l  sleep loss, 
even though numerous i l l u s t r a t i o n s  of  sleep d is rupt ion  and sleep def- 
i c i t s  have been developed. 

4. A p o t e n t i a l l y  useful a l t e rna t i ve  to the search for  performance 
decrement is the concept of physio logical  cost;  however, there is a need 
for  more research on the long-term ef fec ts  of the physio logical  changes 
and whether or not these changes are cumulative. 

5. For fu ture research, the "normal n ight  minimum ac t i va t ion  
po in t , "  or diurnal low period, may serve as a useful reference point .  

6. The c i rcadian rhythm is a major fac tor  in the inf luence of sleep 
loss. 

7. The cumulative e f fec t  of  duty hours during long durat ion mis- 
sions may resu l t  in a logar i thmic  r ise in the workload rather than a 
simple ar i thmet ic  increase. 

The previous research invest igat ions in the av ia t ion environment, 
which have been only b r i e f l y  described here, have produced several 
points of information which appear relevant to the development of 
f l i g h t  mission guidel ines:  

I .  This research produces evidence that  the r e s p o n s i b i l i t i e s  and 
operating condit ions of f l y i n g  place addi t ional  demands upon crewmembers 
working w i th in  th i s  environment. 

2. The inf luence of the c i rcadian rhythm and the d is rupt ive  e f fec t  
of d is turb ing the sleep/wake cycle are again evident.  
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3. The presence of a fatigued state would appear to create a measur- 
able difference in the p i l o t ' s  sk i l l  or a b i l i t y  to process information 
and control the a i rc ra f t .  

However, even though these points are relevant to specifying the 
ef fect  of fatigue on operational performance, the conclusions are s t i l l  
too general to use as a basis for predicting the performance capabi l i ty  
of the man-helicopter system across d i f ferent  levels of r ea l i s t i c  
operating constraints. Past aviation research has been accomplished 
using pr imari ly f ixed wing a i r c ra f t  which are substant ia l ly  d i f fe rent  
from rotary wing a i r c ra f t  in operational character ist ics,  f l i g h t  en- 
velope and crew task requirements. Much of this research has only 
indirect  application to r ea l i s t i c  prediction of man-helicopter cap- 
a b i l i t y  due to the l imited goals of the individual research projects. 
These investigations focus on only one portion of the overall mission 
such as the carr ier  landing, or on the af teref fects of long duration 
missions, as with the concept of physiological cost. 

The data obtained during the USAARL f i e ld  investigation were de- 
signed to come to grips with the lack of specif ic information found in 
previous investigations through the direct measurement of both the man- 
helicopter system performance and "fatigue" measures obtained froma 
carefu l ly  designed battery of tests. Each of these measures had pre- 
viously shown favorable relationships to fat igu e related changes in 
p i l o t ' s  a b i l i t i e s .  The major analysis goal for this data was to provide 
information that could be d i rec t l y  applied to tile rotary wing environ- 
ment. 
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METHODS AND PROCEDURES 

The USAARL field investigation examined six US Army pilots who each 
completed an extended 5-day f l ight schedule. During the in-f l ight 
portion of this investigation, direct measurement of the man-helicopter 
system performance was conducted. In addition, a battery of measures to 
include subjective rating scales, laboratory psychomotor tests and 
measurement of the aviator's physiological status was employed to 
identify which of the various tests were sensitive indicators of changes 
in the pilot's abil it ies and the man-helicopter system performance. 

SUBJECTS 

Subjects for this investigation were six US Army rotary wing avi- 
ators who had all recently completed the Init ial Entry Rotary Wing 
(IERW) course conducted by the Army Aviation Center, Ft. Rucker, Ala- 
bama. Subjects, ranging i~ age from 23 to 26, were volunteers recruited 
from a graduating class. During the recruitment, the prospective 
subjects were informed that they would be participating in a fatigue 
investigation and that they would be required tq f ly  a relatively large, 
but undefined, number of f l ight hours in a relatively short, but un- 
defined, period of time. The prospect of obtaining many f l ight hours as 
the pilot-in-command was very appealing to these recent graduates since 
this category of f l ight time is an important determiner of seniority and 
is necessary in achieving aviation career goals. 

A brief summary of the subjects' f l ight experience and qualif i- 
cations is presented in Table I .  Five subjects were commissioned of- 
ficers in the active Army.. The remaining subject, a commissioned 
officer in a National Guard unit, had been placed on active duty for 
f l ight training. The f i rs t  four subjects had received their training 
within the same f l ight class. The last two subjects graduated two weeks 
later. 

INVESTIGATION SITE 

~he field investigation was conducted at the USAARL field research 
fac i l i ty  located at the Highfalls Stagefield approximately 20 miles 
south of Ft. Rucker in southeastern Alabama~This stagefield (Figure l) 
is used exclusively for research and testing. Thus, there were no 
training conflicts. 

Highfalls was used to provide a base of operations for the in-f l ight 
testing, research faci l i t ies for the laboratory and biochemical testing, 
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TABLE 1 

SUBJECT PILOTS' AVIATION EXPERIENCE 

Subject Total InStrument Night 
No. Age Hours F l igh t  F l igh t  

Rotary Wing Experience 

1 24 200 50 20 

2 25 204 51 20 

Highest 
Rating 

Commercial/ 
Instrument 

Commerclal/ 
Instrument 

3 23 201 50 20 Commercial/ 
Instrument 

4 26 225 50 24 

5 25 209 50 23 

Commercial/ 
Instrument 

Commercial/ 
Instrument 

6 25 206 50 20 Commercial/ 
Instrument 

Fixed Wing Experience 

1 24 80 I0 3 Private 

2 25 . . . . . . . .  

3 23 42 8 0 Private 

4 26 . . . . . . . .  

5 25 39 5 0 Private 

6 25 300 50 15 Commercial/ 
Instrument 
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and living quarters for the subjects and research personnel. Figure 2 
shows an outside view of the fac i l i ty .  

> • i 
, • ,  , % ,  , ..... 

FIGURE I .  Aerial View of Highfalls Stagefield. 

FIGURE 2. Outside View of Highfalls Research Faci l i ty.  
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RESEARCH PERSONNEL 

The on-si te research personnel for th is invest igat ion included: 

I .  Two primary investigators (a research psychologist and a bio- 
chemist). 

2. Two i n - f l i g h t  invest igators (an aviator/psychologist  and a re- 
search psychologist). 

3. One biochemical test  supervisor. 

4. Four laboratory technicians. 

5. One JUH-IH crew chief.  

6. Six safety p i l o t s ,  each with an ins t ructor  p i l o t  rat ing.  

Other research personnel in the invest igat ion included: 

I .  Two m i l i t a r y  f l i g h t  surgeons. 

2. One computer system analyst. 

3. Three general support research assistants. 

4. One refuel ing technician. 

The primary invest igators,  the biochemical supervisor, and the crew 
chief  remained at the research f a c i l i t y  throughout the test ing periods. 
During the f l i g h t  test ing portion of the invest igat ion the i n - f l i g h t  
investigators and the lab technicians s p l i t  the day into two sh i f ts  of 
approximately I0 hours per sh i f t .  Safety p i lo ts  were scheduled in three 
sh i f ts  of approximately 6 hours per sh i f t .  The computer systems analyst 
processed the magnetically recorded data on a da i ly  basis throughout the 
test period. Research assistants provided support during meals and 
other times as required. 

AIRCRAFT 

~!iThe i n - f l i g h t  port ion of th is invest igat ion u t i l i zed  three Army UH- 
IH hel icopters. :One of these a i r c r a f t  was USAARL's JUH-IH research 
hel icopter whichwas especial ly  modified to provide information to the 
Helicopter In -F l igh t  Monitoring System (HIMS).- Two standard Army a i r -  
c ra f t  were obtained from the Fort Rucker Army AViation Center f l ee t .  
The USAARL research a i r c ra f t  and one of the Center f l ee t  a i r c r a f t  were 
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used as research vehicles during the f l ight  testing periods. The re- 
maining aircraft was used as a reserve test vehicle and provided trans- 
portation to remote f ield sites for maintenance of the HIMS and periph- 
eral equipment and transportation for personnel and biochemistry equip- 
ment. 

Fuel for these aircraft was continuously available during the in- 
f l ight  portion of the investigation. Daily maintenance was performed by 
the resident crew chief with more extensive maintenance performed be- 
tween testing periods. 

FIELD INVESTIGATION SCHEDULE 

Field testing for this investigation was accomplished during three 
2-week periods. During each of the investigation periods, subjects were 
transported to the test fac i l i t y  48 hours before the start of f l ight  
testing. These 2 days were used to obtain baseline data on the physio- 
logical and biochemical measures and to familia~Tize the subjects with 
the laboratory tasks. The in- f l ight  portion of the investigation started 
on the third day. A fu l l  schedule of experimental measurements (shown 
in Table 2) was continued for 5 days. The 8th, gth, and lOth days of 
each investigation period were for subject recovery and to obtain post 
performance data. Subjects were released from the Highfalls test fa- 
c i l i t y  at the conclusion of testing on the lOth~day. The remaining 4 
days were used for experimenter rest, maintenance and preparation for 
the next session. Since the primary objective Qf the investigation 
was to observe the relationships between a battery of fatigue measures 
and in- f l ight  performance, subjects were required to maintain a rigorous 
regimen of sleep/wake activity and diet. 

On the f i r s t  day of f l ight  testing, subjects were awakened at 0430. 
Scheduled f l ights and experimentation continued until 0]00 the following 
day (20.5 hours per day). Subjects were then allowed to sleep from OlD0 
until 0430 (3.5 hours). Meals were provided at 0615, 1215, and 1815. 
In addition, there was an established snack period at 2400. No snacks, 
other than noncaffeinic beverages, were allowed between the regularly 
scheduled eating periods. The consumption of alcoholic or caffeinic 
beverages was not allowed. Smoking was permitted during rest periods 
and a record of cigarette consumption was maintained. 

During each f l ight  period, each subject acted as aircraft commander 
(or f i r s t  pilot) and was required to perform the maneuvers listed in 
Table 3. Subjects were allowed 50 minutes to complete as many of the 
standard maneuvers as possible. One subject flew the instrumented 

research helicopter while the second subject flew a standard Center 
fleet aircraft. At the end of each 50-minute f l ight  profi le, both sub- 
jects would return to the landing area, f i l l  out subjective rating 
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TABLE 2 

DAILY SCHEDULE OF EXPERIMENTAL MEASUREMENTS 

TiI{E- SUBJECT 
FRAME ACTIVITIES EXPERIMENTAL MEASURES 

Fl ight  IP Pupilo- Reaction Mood Fatigue 
HIMS Urine Blood Rating meter DVA Time Scale Rating 

OlO0 
to Sleep 

0430 Period 
0500 XX 
to 

0600 Fl ight  XX X X 
0 6 1 5  Breakfast X 

to and 
0800  Testing X X X X X X 
0800 XX X 
to 

0945 Fl ight  XX X X X 
]000 XX X 

to 
I145 Fl ight  XX X X X 
1200 Lunch X 
to and 

1400 Testing X X X X X 
1400 XX X 
to 

1545 Fl ight  XX X X X 
1600 XX " X 
to 

1745 Fl ight  XX X X X 
1800 Supper X X X 
to and 

2000  Testing X X X X 
2000 XX X 
to 

2145 Fl ight  XX X X X 
2200 XX X 
to 

2345 Fl ight  XX X X X 
2400 Snack X 
to and 

OlO0 Testing X X X X 

r~ 
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TABLE 3 

FLIGHT PROFILE STANDARD MANEUVERS 

Bad Weather 
I .  3 f t .  Hover - 1 minute 
2. 360 ° Pedal turn - l e f t  about mast 
3. 360 ° Pedal turn - r i g h t  about mast 
4. Slope - r i g h t  skid 
5. Slope - l e f t  skid 
6. Hover tax i  
7. Lateral  hover 
8. 360 ° Pedal turn - l e f t  about nose 
9. 360 ° Pedal turn - r i g h t  about nose 

I0.  360 ° Pedal turn - l e f t  about p i l o t  
I I .  360 ° Pedal turn - r i g h t  about p i l o t  
12. 360 ° Pedal turn - l e f t  about t a i l  
13. 360 ° Pedal turn - r i g h t  about t a i l  
14. Rearward hover 

15. I0 f t .  Hover - 1 minute 
16. 25 f t ,  Hover - 1 minute 
17. 50 f t .  Hover - 1 minute 
18. Simulated max-gross takeo f f  
19. T r a f f i c  pat tern 300 f t .  AGL 

Crosswind 
Downwind 
Base 
Final 

20. Shallow approach 

21, Normal t r a f f i c  pat tern 
Crosswind 
Downwind 
Base 
Final 

22. Normal approach 
23. Max performance takeo f f  
24. Low leve l  f l i g h t  

Heading 
A l t i t u d e  
Airspeed 

25. Confined area landing 
26. Max performance takeo f f  

Heading 
A l t i t u d e  maintenance 
Airspeed 

27. Shallow approach 

Marginal Weather 

Good Weather 

IFR (Hood 

28. Standard rate c l imbing turn l e f t  to 180 ° 
29. Maintain s t r a i g h t  and leve l  f l i g h t  15 sec. 
30. Standard ra te  descending turn r i g h t  to 180 ° 
31. Decelerat ion to 40 knots 
32. Acce lerat ion to 90 knots 

(Measured) 
(Measured) 
(Measured) 
(Measured) 
(Measured) 
(Measured) 

(Measured 

(Measured 
(Measured 
(Measured 
(Measured 
(Measured 
(Measured 
(Measured 
(Measured 
(Measured 
(Measured 

(Measured) 
(Measured) 
(Measured) 
(Measured) 
(Measured) 
(Measured) 
(Measured) 
(Measured) 
(Measured) 
(Measured) 
(Measured) 
(Measured) 
(Measured) 
(Measured) 
(Measured) 
(Measured) 
(Measured) 
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scales and rotate to the other a i r c r a f t .  The i n i t i a l  assignment of the 
research hel icopter was counterbalanced between subjects for  each day. 
In th is  manner 2 hours of i n - f l i g h t  performance data were obtained from 
each subject for  each 4-hour time block. 

t / 

\, The maneuvers l i s ted  in Table 3 were selected to provide a r e a l i s t i c  
f l i g h t  mission that could be accomplished over a wide range of weather 
condit ions.~Weather permi t t ing,  each maneuver was performed in the 
l i s ted  sequence. I f  the p i l o t  accomplished a l l  maneuvers during the 
test  period, the p ro f i l e  was started again and as many maneuvers com- 
pleted as time permitted. Both p i l o t s  performed the same sequence of 
maneuvers simultaneously. Subjects were instructed to perform each 
maneuver according to the US Army F l igh t  School guidel ines. During a l l  
f l i g h t s ,  subjects were accompanied by a safety p i l o t  who rated each 
maneuver. Decisions concerning modif icat ion of the maneuver sequence 
due to weather condit ions or any emergency procedures were c lear ly  
understood to be the respons ib i l i t y  of  the safety p i l o t .  Those ma- 
neuvers that were selected to measure the ef fects of fat igue on in-  
f l i g h t  performance are indicated in Table 3. 

MEASUREMENT AND DATA ACQUISITION 

~The battery of measurements that were used to determine the level of 
the aviators '  fat igue consisted of physiological and biochemical mea- 
surements, laboratory psychomotor tasks and subject ive rat ings of per- 
formance and fat igue, iThroughout the i n - f l i g h t  port ion of the inves- 
t i ga t i on ,  object ive measurements of the man-helicopter system per for-  
mance were obtained using the Helicopter I n - f l i g h t  Monitoring System. 

PHYSIOLOGICAL AND BIOCHEMICAL MEASUREMENT 

Throughout the I0 days of invest igat ion,  during each of the three 
tes t  periods, blood and urine samples were obtained from the subjects. 
Laboratory technicians obtained blood samples da i ly  pr ior  to the break- 
fas t  and supper eating periods, respect ively.  Serum and plasma samples 
were prepared, an analysis code was assigned and the samples were 
frozen at -60°C wi th in  1 hour at the f i e l d  research f a c i l i t y .  The 
measures obtained from these analyses are presented in Table 4. 

The to ta l  volume of urine from each of the subjects was col lected 
throughout the invest igat ion.  The analysis of the urine samples was 
completed at Highfa l ls .  The measures that were obtained from these 
analyses are also presented in Table 4. 

Immediately upon awaking each day, EKG electrodes were applied to 
each subject. Continuous cardiovascular monitoring of the subjects was 
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TABLE 4 

~_ BIOCHEMICAL MEASURES USED IN EXAMINING AVIATOR FATIGUE 

Urine Measures 

In i t i a l  pH 
Lactic Acid 
Norepinephrine 

Cortisol 
Epinephrine 
Creatinine 

Blood Measures 

Glucose 
Creatine 
K (Potassium) 
CO 2 (Carbon Dioxide) 
Ca (Calcium) 
Iron 
Albumin 
Total Bi l i rubin 
TG (Triglyceride) 
LDH(Lactate Dehydrogenase) 
CPK (Creatine Phosphokinase) 

BUN (Blood Urea Nitrogen) 
Na (Sodium) 
C1 (Chlpride) 
Uric Acid ~ 
PO 4 (Phosphorus) 
Total Protein 
Alkalin~ Phosphatase 
Cholesterol 
SGOT (Serum Glutamic 

Oxaloacetic Transaminase) 
Cortiso~ 

accomplished through the use of portable Avionics EKG tape recorders 
(Figure 3)-. The EKG records were transcribed using an Avionics Dynamic 
Electroscanner, Model 600, as shown in Figure 4. 

Pup!l~mgtry measurements on each of the pi lots were obtained four 
t ime~a day during each testing/eating period and during the f inal  
testing period just  pr ior to re t i r ing.  A Whittaker TV Pupilometer, 
Model 805 (Figure 5). was used to obtain these measures. 
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FIGURE 3. Portable Avionics EKG 
Recorder. 

FIGURE 4. Avionics Dynamic Elec- 
troscanner, Model 600. 

FIGURE 5. Whittaker Television Pupilometer. 
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LABORATORY PSYCHOMOTOR TASKS 

Auditory reaction time measures were obtained during each of the 
four testing periods using a Lafayette, Model 63015, reaction time 
device. During each of the testing periods each subject completed lO0 
t r ia ls  that were presented andscored by the research personnel. This 
apparatus is shown in Figure 6. 

FIGURE 6. Auditory Reaction 
Time Apparatus 

The dynamic visual acuity of each of the subjects was also tested 
during each of the four testing periods. A more complete description of 
this portion of the investigation can be found in USAARL Report No. 76- 
24. 7 

SUBJECTIVE RATING SCALES 

During the in - f l igh t  portion of the fatigue investigation there were 
three sets of subjective rating scales used to assess changes in the 
pi lots '  feelings, attitudes and ab i l i t ies :  the post-f l ight performance 
scores provided by the subjects and by the safety pi lots,  and those 
subjective scores obtained during the testing/eating periods. 

At the conclusion of each 50-minute f l i gh t  period each of the sub- 
jects f i l l ed  out the f l i gh t  performance rating scale shown in Appendix 
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A-lo This is an adjective rating scale modeled af ter  the Cooper-Harper 
rating scale, sl In addit ion, the p i lo ts  completed an overall f l i g h t  
performance l ine rating scale (shown in Appendix A-2) and a fatigue 
intensi ty  l ine scale (also shown in Appendix A-2). 

During the execution of the established f l i g h t  maneuver p ro f i l e ,  the 
safety p i lo t  graded each of the p i l o t ' s  manuevers using a numerical scale 
from l to I0, with i0 representing outstanding performance. A sample of 
this rating scale is presented in Appendix A-3. In addit ion, at the 
conclusion of each f l i g h t  period the safety p i l o t  completed a f l i g h t  
performance rating scale (shown in Appendix A-I)  identical to that f i l l e d  
out by the subjects. 

During each of the test ing/eat ing periods the subjects f i l l e d  out 
additional subjective rating scales. These scales included a fatigue 
intensi ty  l ine scale ( ident ical  to that found in Appendix A-2) and a 
feeling tone checkl ist  (presented in Appendix A-4). The subjects also 
f i l l e d  out a mood checkl ist  questionnaire, which is shown in Appendix B. 

ENVIRONMENTAL MEASUREMENTS 

Since the f l i g h t  environment may have substantial impact upon the 
obtained performance and fatigue scores, the weather records from Cairns 
Army A i r f i e l d ,  the nearest a i r  weather stat ion,  were examined. From 
these records, measurements of the wind speed and direct ion and ind i -  
cations of the v i s i b i l i t y  were matched with each of the f l i g h t  pro f i les .  
A record of those f l i gh ts  completed during darkness was also maintained. 

IN-FLIGHT DATA MEASUREMENT AND DATA REDUCTION PROCESS 

In-Fl ight  Measurement 

~The Helicopter In-F l ight  Monitoring System (HIMS) (Figure 7) is a 
removable real-t ime electronic data gathering package designed to monitor 
20 channels of information about an airborne helicopter to include p i lo t  
a i r c ra f t  control inputs; a i r c ra f t  a t t i tude,  rates, and accelerations in 6 
degrees of freedom; and a i r c ra f t  position over the ground\~ 2 The system 
is unobtrusive to the extent that the sensors are out of sight and do 
not a l te r  the " feel"  of the a i r c ra f t .  The electronics and recording 
package is insta l led with the navigator on the f loor  behind the p i lo ts '  
seats (Figure 8). There are no unusual aural or visual disturbances such 
as c l ick ing relays, spinning wheels or f lashing l igh ts .  At night,  the 
already subdued l i gh t ing  of the observers is further reduced by a black- 
out curtain hung between the p i lo t  and observer stations. 
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FIGURE 7. Helicopter In-Flight Monitoring 
System (HIMS). 

FIGURE 8. HIMS Insta l led in Research A i r c r a f t ,  
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As an overview (see Figure 9), the HIMS inputs are processed through 
a series of converters and mult ip lexers and are recorded on magnetic 
tape. In a subsequent set of processing steps, the data are converted 
back to values (cal led engineering uni ts)  which represent the appro- 
pr iate real-wor ld scales (inches, percent, degrees, e t c . ) .  I t  is th is  
l a t t e r  form that is used for  the intermediate s t a t i s t i c a l  analysis.  

I" 
| ,, 

20 CHANNELS ANALOG ~ CONDITIONERS " ~ MULTIPLEXER 

COMPUTER 
WITH PROJECT 

PROGRAMS 

SYNCHRO- 
DIGITAL 

CONVERTER 

COUNTER 

DIGITAL 
MULTIPLEXER 

OUTPUTS 

L TAPE 
READER 

JJpJ RESULTS OF STATISTICAL ANALYSES 
AND DATA PLOT 

- !  

I 

ANALOG TO '1 DIGITAL 
CONVERTER (A/D) 

DATA EO.MAT 

TIME CODING , I 

I INCREMENTAL I 
DIGITAL 

RECORDING 

FIGURE 9. HIMS Data Flow Chart. 

More spec i f i ca l l y ,  each HIMS input source (see Figure I0) is con- 
nected to an appropriate device which converts i t s  respective information 
to an equivalent e lect ron ic  signal.  Figure I I ,  for  example, shows how 
the cyc l i c  and pedal controls are connected to transducers under the 
f l oo r  panels of the hel icopter .  An incremental d i g i t a l  tape recorder 
wi th in  the system samples each of the input channels up to 20 times per 
second according to a preprogrammed formatter and records the data on a 
7-track tape. The information shown in channels 4 and 5 of Figure I0 
relates to the geographic posi t ion of the a i r c r a f t  (wi th in a prescribed 
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FIGURE I0 .  Functional  Block Diagram. 

area of approximately 125 square miles) as determined by an on-board 
navigator (Figure 12) l inked to a ground-based radio ranging system. 

In addi t ion to the items shown in Figure I0,  the time of day (or 
elapsed time since s ta r t ,  i f  not preset) is determined by an internal  
clock and recorded on the d i g i t a l  tape. 
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FIGURE I I .  Flight 
Control Tubes 
Showing Connection 
to Transducers. 

FIGURE 12. Ranging System Navigator On-Board 
Research Aircraft .  
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Data Reduction Process 

HIMS data process begins at the a i r c r a f t  before engine s ta r t  time. 
Using aux i l i a r y  power (since the f l i g h t  controls cannot be exercised in 
th is  a i r c r a f t  with the engine running), the equipment is turned on and 
allowed to s tab i l i ze .  Each channel is then "read" manually to ve r i f y  
i t s  respective sensor and c i r c u i t r y  operation. Inputs that r e f l ec t  the 
locat ion,  a t t i t ude  and/or movement in space are examined in the s ta t i c  
condit ion. These readings w i l l  be used la te r  to calculate reference 
levels for  each of the inputs. The metric for  each of these is es- 
tabl ished by the manufacturer of the device. 

The f l i g h t  controls r e f l ec t  the p i l o t s '  inputs to the a i r c r a f t  and 
are measured ( for  ca l ib ra t ion)  at t he i r  respective extremes of physical 
movement. The reading at one of the extremes of each control becomes 
the reference level for  that cont ro l ;  the di f ference between the two 
extremes is used to determine the metr ic.  The voltage equivalents of 
a l l  inputs are registered on a ca l ib ra t ion  sheet for  use in the con- 
version phase. 

As a f i r s t  step in the conversion process, the ca l ib ra t ion  data are 
re-examined for  v a l i d i t y .  Electromechanical devices of the types used 
in HIMS are unavoidably subject to changes in temperature and/or pres- 
sure. These changes a f fec t  both the length of the bead chain connecting 
each control to i t s  respective transducer (see Figure I I )  and the elec- 
t ron ic  charac ter is t ics  of the HIMS components themselves. Past expe- 
rience with HIMS has established a range of values for  each channel. 
Even though these ef fects are small, they are used to "adjust"  the data 
so that subjects flown days, weeks or even years apart can be compared 
on a more accurate basis. 

I f  the recorded ca l ib ra t ion  values are wi th in  l i m i t s ,  they are given 
to the computer program which sets up a conversion table unique to the 
par t i cu la r  f l i g h t .  For each transducer (or other converter) a metr ic 
has been set up which w i l l  t rans late changes in voltage to real-wor ld 
equivalents in terms of what are cal led engineering uni ts (inches, 
percent, degrees, or whatever uni t  of measure is appropriate to the re- 
spective channel). The d ig i t a l  data are processed against that  con- 
version table to produce a numerical reconstruct ion of the f l i g h t  seg- 
ment. 

In the ea r l i e r  days of HIMS, conversion of the d i g i t a l l y  recorded 
f l i g h t  data to a readable form required three runs on two computers 
because the HIMS generated tape was not compatible with any one computer 
system then avai lable.  The HIMS tape, being of a nearly continuous 
real - t ime 7-track format, had to be reformatted to a 9-track tape with 
interrecord gaps before i t  could be "read" by the conversion program. 
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Even the reference levels and metrics had to be calculated on a separate 
machine. Many days or weeks would pass before the inves t iga tor  would 
see the resul ts  of the f l i g h t .  Now, HIMS data are read d i r e c t l y  in to a 
disc storage area from the 7- t rack tape. The conversion program, 
having already set up the tab le,  draws from the d isc,  performs the 
necessary ca lcu la t ions ,  and outputs the converted data to the l ine  
p r in te r .  Opt iona l ly ,  i t  may be stored on a 9- t rack tape un t i l  fu r ther  
analysis is required. The important element here is speed. The output 
is ready for  review in less than 30 minutes. This means that  the pr in-  
c ipal  invest iga tor  can examine his data before the next f l i g h t ,  i f  that  
is required. 

Figure 13 shows a page of converted data which might apply to a 
short- t ime segment of a f l i g h t .  The header i d e n t i f i e s  the f l i g h t  par- 
t i cu la r s  (e .g . ,  study, date, subject i . d . ,  e t c . ) ;  the columns are in 
engineering uni ts appropriate to the respective channels; and at the 
bottom of the page is a summary of the extrema for  each input  in the 
time segment. These l a t t e r  values play an important ro le in the review 
phase, next. 

A typ ica l  HIMS ( d i g i t a l )  tape holds about 30 minutes worth of data. 
Assuming that  amount, there are 36,000 scans or 720,000 data points on 
the tape. I t  takes the computer about 12 minutes to process that  much 
data wi thout  p r i n t i ng .  The pr in tou t  requires from 2 minutes to 3 hours 
depending upon the inves t iga to r ' s  desired depth of examination. He must 
balance his need fo r  accuracy against the time he has avai lab le to 
examine what the program w i l l  put out. Since the extrema (mentioned 
ea r l i e r )  apply across a l l  36,000 scans regardless of  the p r i n t  f r e -  
quency, p r in t i ng  one scan out of each I00 recorded saves time and is 
usual ly  adequate fo r  th is  level of review. 

The i n i t i a l  examination is concerned with assurance that  the f l i g h t  
data, as represented by the engineering un i ts ,  const i tu tes a reasonable 
re f l ec t i on  of the actual f l i g h t  segment. (Computer graphics are f re -  
quently used to reproduce a f l i g h t  p r o f i l e . )  A comparison with the in-  
f l i g h t  observer's (usual ly  copious) notes can reveal evidence of pos- 
s ib le  system malfunct ions. Unchanging values, for  instance, may in-  
dicate a broken connection or a damaged sensor. Very large changes, on 
the other hand, may ind icate  the passage of t rans ien t  voltage spikes. 
The treatment of each is qui te d i f f e r e n t  and w i l l  be discussed in the 
next sect ion. 

Judgment is qui te often a key fac tor  in determining the s ta r t  and 
stop times fo r  a pa r t i cu la r  f l i g h t  segment. Does a turn s ta r t  when the 
command is given or when the p i l o t  moves the contro ls or when the a i r -  
c ra f t  begins to turn? When does i t  stop? Regardless of  the data in 
each channel, do a l l  channels, taken as a whole, r e f l e c t  the maneuver 
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expected? Is there evidence of "bad" places in the data not printed? 
(Only I% of the data is printed, but the extrema summary shows up all  
data points.) 
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FIGURE 13. Sample of HIMS Data Printout. 
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I f  the data are acceptable to the inves t iga to r ,  he must i so la te  the 
segments in terms of  time (to the nearest whole second) and resubmit the 
data to obtain intermediate s t a t i s t i c s .  

The intermediate s t a t i s t i c s  program (HIMSTAT) is a mu l t i f unc t ion  
program used not only to ca lcu la te the s t a t i s t i c s  themselves, but to 
"prepare" the data fo r  analysis as wel l .  Each data point  is f i r s t  
screened against a log ica l  data l i m i t  that  acts as a f i l t e r  for  t ran-  
s ient voltages that  may get past the HIMS f i l t e r s .  For example, a data 
point showing a co l l ec t i ve  pos i t ion of 10.6 inches (the maximum upper 
l i m i t )  is probably in e r ror ,  since i t  is h igh ly  un l i ke l y  that a p i l o t  
would reach such an extreme in a standard maneuver. The data points on 
e i ther  side of the "of fender" are also examined. I f  the point  is s ig-  
n i f i c a n t l y  larger  than the mean of the adjacent po ints ,  i t  is replaced 
by that  mean. 

The program also enables the user to p lo t  raw data from any selected 
channel and to d isp lay the p lo t  on a choice of graphics. This option 
has proven to be extremely useful in a l lowing the inves t iga tor  to review 
large amounts of data in a r e l a t i v e l y  short period of t ime. I t  also 
allows the trends of data to be observed. 

Af te r  the data are "cleaned," they are used to calculate the i n te r -  
mediate s t a t i s t i c s .  There are bas ica l ly  two avenues of approach to 
these condit ions--one involves the sequential examination of the po- 
s i t i on  of each cont ro l ,  the other involves channel informat ion other 
than f l i g h t  control inputs. Table 5 is a l i s t  of the f l i g h t  parameters 
measured and those derived from the data. Table'6 is a l i s t  of the 
intermediate s t a t i s t i c s  calculated.  Table 7 is a l i s t  of de f i n i t i ons  
fo r  the control  measures. The control  pos i t ign data recorded on the 
HIMS tape requires some special handling to obtain the control  movement 
data. 

CONTROL MOVEMENT PROCESSING 

A two-parameter algor i thm was developed for  computer processing of 
pos i t ion data for  the cyc l i c  f o r e - a f t ,  cyc l i c  l e f t - r i g h t ,  pedal, co l -  
l ec t i ve  and t h r o t t l e  contro ls .  Through th is  a lgor i thm,  per iodic measure- 
ments of the pos i t ion of the p i l o t ' s  control  may be examined in order to 
i d e n t i f y  and character ize meaningful control  inputs by the p i l o t .  With 
the proper choice of parameters, th is  algor i thm r e l i a b l y  detects control  
movements and measures t he i r  magnitudes and average rates of change. 
Information from a l l  the detected movements are accumulated to determine 
the frequency of control  movements and reversals,  plus maximum, minimum~ 
mean and standard deviat ion values for  control  movement amplitudes and 
rates. 
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TABLE 5 

PARAMETERS MEASURED AND DERIVED MEASURES 

Parameters Measured (Stat is t ics*)  

I.  Pitch ( I -6 ) * *  
2. Roll ( I -6 )  
3. Heading (I-6) 
4. Position X 
5. Position Y (3,4,5) 
6. Acceleration X (6) 
7. Acceleration Y (6) 
8. Acceleration Z (6) 
9. Roll Rate (6) 

I0. Pitch Rate (6) 
I I .  Yaw Rate (6) Z 
18. Radar Alt i tude (I-6) 
19. Barometric Alt i tude (I-6) 
20. Airspeed (I-6) 
21. Fl ight Time 
17. Rotor RPM (6) 
15. Thrott le (6) 
12. Cyclic Stick (Fore-Aft) 
13. Cyclic Stick (Left-Right) 
14. Collective 
16. Pedals 

Derived Measures (Stat is t ics*)  

Pitch Rate (1,2,6) 
Roll Rate (1,2,6) 
Rate of Turn ( I-6) 

Ground Speed (I-5) 

Roll Acceleration (6) 
Pitch Acceleration (6) 
Yaw Acceleration (6) 
Rate of Climb (I-6) 
Rate of Climb (I-6) 

Control Position (1,2,6),  
Absolute Control Movement Mag- 
nitude (1,2,6),  Positive Control 
MovementMagnitude (1,2,6), 
Negative Control Movement Mag- 
nitude (1,2,6), Absolute Average 
Control ~ovement Rate (1,2,6),  
Average Positive Control Move- 
ment Rate (1,2,6),  Average Nega- 
t ive Control Movement Rate 
(1,2,6),  Control Reversals (7), 
Instantaneous Control Reversals 
(7), Control Steady State (7-10), 
Control Movement (8,9)*** 

*See Table 6 
**Numbers 1-21 Indicate HIMS Printout Columns 
***See Table 7 
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TABLE 6 

INTERMEDIATE STATISTICS 

I .  Mean 

2. Standard Deviat ion 

3. Average Constant Error  

n 

n 

i i i  

n 

4. Average Absolute Error ZIxi-xol 
n 

5. _Root Mean Sq,uare Error  J~-~i(Xi ' -Xo) 2 
I I  

n 

6. Maximum and Minimum Values 

7. Number of  Occurrences 

8. Total  Time in Condi t ion 

9. Percent. of  Total  F l i g h t  Time in Condi t ion 

I0.  Mean Durat ion Time 

x o in 3, 4, and 5 are Selectable Input  Values 
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TABLE 7 

CONTROL MEASURES 

. 

. 

. 

. 

Control Movement - A change in the pos i t ion  of a contro l  
over several consecutive readings in 
one d i r e c t i o n .  

Control Steady State - The period during which the actual con- 
t r o l  movement and rate of movement are 
less than predetermined input  values. 

Control Reversal - A change in the d i r ec t i on  of  movement 
of  a contro l  outside of  steady s ta te  
per iods. 

Instantaneous Control Reversal - A change of  contro l  movement 
d i r e c t i o n  as computed for  con- 
secut ive samples. 

5. Control Movement Magnitude - ~ X  = Xt2-Xtl  

. 
~ X  

Average Control Movement Rate - ~ t  " 
Xt2 - Xtl 

t 2 -  tl 

7~ Instantaneous Control Rate - The de r i va t i ve  obtained from a 
four th  degree equation f i t t e d  
through f i ve  consecutive samples 
with the desired time at the 
middle po in t .  

Therefore, 

dxt3 20 

dt 12 
[X t l  - xt5 - 8 (xt2 - xt4 ) ]  
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The detai led operation of the algorithm is described using Figure 
14 which shows a hypothetical segment of nois~ control posit ion data. 

A o 

A 
/~ /__~Xo= .2 in 

.-.... • • . -  = . ,  , c  

Control Position 

0 

CI Time ~B'°°°%°° 
~ i P°int Descripti°ns 

4- Point Descriptions 
[ ] - -  _ (smoothed derivative) 

+ 
- - [  j ~  Stable States 

FIGURE 14. Plots of Hypo- 
thet ica l  Data. 

The dots on the curve represent d ig i ta l  samples taken at precisely 50ms 
intervals by the HIMS. Each point on the data curve can be described as 
increasing, decreasing or steady with respect to the preceding point. 
The appropriate trend is determined by comparing the change, dx, in the 
control posit ion over a time, dt,  which is centered at that point. The 
point is described as increasing i f  dx>dx o, decreasing i f  dx<dx o, and 
steady i f  -dxo<dx<dx o. The two parameters, dx o and dt ,  are chosen so 
that the magnitude of the ra t io  dxo/dt is the smallest slope which 
describes a section of the data curve which is changing. In addi t ion,  
dt must be a time long enough for noise f luctuat ions to "average out,"  
but not long enough to span an ent i re control movement. I f  the point 
descript ion is the same for consecutive data points covering a time span 
greater than dt, then the control is said to have entered a stable 
state, which can be e i ther  an increase, decrease or steady state. The 
beginning of that stable state is defined to be the data point which is 
fur thest  from the center of the nearest movement, but has the same point 
descript ion as the movement. 
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In the example in Figure 14, the dx o parameter is .2 inches and the 
dt parameter is .2 seconds so that changes of 2 divisions or more in the 
control position between data points are separated in time by 4 d iv i -  
sions. The point descriptions for th is data curve are shown at diagram 
B of Figure 14 where a step above the axis represents an increase. A 
step below the axis represents a decrease and a step along the axis 
represents a steady condition. With low noise data the diagram at B 
would show two transit ions--one at the beginning of the movement from 
steady to decreasing, and one at the end of the movement back to steady. 
When noise is present, the determination of the point descriptions can 
be made more re l iab le by smoothing the derivat ive, or dx. I t  is ade- 
quate to replace each dx by the average of i t s e l f  and i t s  two neighbors. 
The result  of such averaging for this example is shown in diagram C. 
The next step is to search through the data within dt/2 (two div is ions,  
in th is case) of the t ransi t ion points in diagram C for the point fur-  
thest from the center of the nearest movement. :For a downward movement 
such as in Figure 14, th is point would be maximum at the beginning of 
the movement and a minimum at the end. The points so determined for 
Figure 14 are the t ransi t ion points in diagram p which locate the posi- 
t ion and time coordinates of the beginning and end of the p i l o t ' s  con- 
t ro l  input on the data curve. The tr iangle in diagram A has vertices at 
the start ing and ending points of the movement, A' and B', respectively. 
The length of l ine A'C' is the duration of the movement, and the ra t io  
of these two lengths is the average rate of change over the movement. 
Sta t is t ics  for the nonf l ight-control  input data:are straightforward. 
The output for a l l  data is put on a 9-track tape for more indepth 
analysis at a la ter  time. 

SUMMARY OF CURRENT STATUS 

As was stated in the introduction of this report, the overa l lgoa l  
of the USAARL fatigue investigation was to provide the f l i g h t  commander 
with the information he requires in making mission judgments. This 
ongoing research program is designed to accomplish this goal in two 
ways: f i r s t ,  through the ident i f i ca t ion  of c r i t i c a l  periods during 
extended missions where detrimental changes in aircrew performance may 
be observed; and second, through the development of a practical measure 
of aircrew fatigue that may be used in the operational environment. The 
previous section c lear ly shows the tremendous magnitude of information 
that is generated when only the measures of i n - f l i g h t  man-helicopter 
system performance are considered, and outl ines the sophisticated pro- 
cessing and bookkeeping procedures that are required to transform this 
data into usable information. In addit ion, there are many other mea- 
sures from the battery of potential fatigue indicators including the 
subjective rat ing scores, the biochemical and physiological measures and 
the scores from the laboratory psychomotor tests. The research per- 
sonnel who are continuing to process and analyze this vast data array 
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are methodical ly  working through a l l  of the relevant measures for  each 
channel fo r  each of the f l i g h t  maneuvers. From a methodological view- 
po in t ,  the need is fo r  a simple system descr ip t ion that  w i l l  a l low a 
pract ica l  statement about the probable e f fec t  of a given amount of 
aircrew fa t igue upon a spec i f i c  type of av ia t ion mission. The measures 
obtained from both the p i l o t  and the a i r c r a f t  are being ca re fu l l y  
examined to re la te  them to the fa t igue ind ica tors .  

At the current time most of the information from all aspects of this 
investigation are in a form that makes comparison possible. The re- 
search methods that are applied to this data during analysis and de- 
scription are highly developed and under continuous improvement. The 
data that has been obtained and wi l l  be collected as a function of the 
USAARL fatigue research program wi l l  provide relevant and timely in- 
formation to the local f l igh t  commander and wi l l  be instrumental in 
establishing a comprehensive data base that wi l l  provide solutions for 
future aircrew fatigue problems. 
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FLIGHT PERFORMANCE RATING SCALE 
(Completed by Both the Subject and Safety Pilot) 

D e s c r i p t i o n  o f  P i l o t  
Pe r fo rmance  Rati,!~g 

Yes 

T 
I 

Fu l l  P r o f i c i e n c y  in  I 
f l i g h t  c o n t r o l ,  p r o - |  No 
c e d u r a l  and manage- | 
ment skill s | 

Y~S i 
Fl ig l i t  c o n t r o l ,  procedural' and I 
managenent  skills met minimum | No 
initial rotary wing checkride | 
s t a n d a r d s  | 

Y~s 
I 

I 
F l i g h t  comple ted  w i t h o u t |  
c o n t r o l  a id  from the  | No 
s a f e t y  p i l o t  o r  IP i " 

t 
jPIL(Yr DECISIONS i Pilot Rating Value__  

~ E x c e p t i o n a l  - 10 

S u p e r i o r  - 9 

i t i gh ly  Competent  - 8 

~ Genera l  l y  Competen t -7  

C l e a r l y  Adequate  - 6 

Adequate  - S 

J ~ I n c o n s i s t e n t  - 4 

Margina l  - $ 

Risky - 2 

~ U n s a f e  - 

A-1 
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OVERALL FLIGHT PERFORMANCE RATING SHEET 
(Subject Rating) 

I 
r 

Place a checkmark on the l ine above to indicate your evaluation of 
your overal l  f l i g h t  performance during the preceding f l i g h t  session. 

FATIGUE INTENSITY SCALE 
I I  I I I I  

Place a checkmark on the l ine above to indicate the degree of fat igue 
in tens i ty  you feel at th is  moment. 

A-2 



SAFETY PILOTS' RATING SHEET 

IP 
iBad Wx) 

I .  Hover to Zero Point & Land 

2. 3 f t  Hover - 1 minute - Land 

3. 3 f t  Hover - 360 ° Pedal Turn Left 
Stabilize 20 sec 

4, 360 ° Pedal Turn Right (20 sec pause) 

5. Hover to Slope Area (pause lO sec) 

6, Slope Lndg-Right Skid Up-180 ° Turn 

7. Slope Lndg-Left Skid Up-Hover Back to Zero Point 

8. Hover Peri~leter of  Runway 

9, Lateral  Hover (Rq Le f t )  

I0.  Lateral  Hover (Back to Zero) 

I I .  360 ° Right Turn (Nose Pivot  Point)  

12. 350 ° Lef t  Turn (Nose Pivot  Point) 

13. 360 ° Right Turn (Tai l  Pivot  Point) 

14. 360 ° Lef t  Turn (Ta i l  P ivot  Point)  

15, Forward Hover Runway (Stop) 

16, Rearward Hover Runway (Stop) Land (MARGINAL WX) 

17, I0 f t  Hover - 1 min (Land) 

18. 25 f t  Hover - I min (Land) 

19. 50 f t  Hover - I min (Land) (BAD WX) 

20. Max Performance T/O ( T r a f f i c  I000' ind) 
Takeoff  
Cresswind 
Downwind 
Base 
Final 

81. Steep Approach to Touchdown at  Zero Point 

22, Normal Takeoff  from Ground 
Crosswind 
Downwind 
Case 
Final 

23. Normal Approach to Touchdown 

24. Minimum Power Takeoff  

25. Low Level F l i gh t  to Confined Area (A/S 80) 
(A f t  - 400 day; 500 n ight)  (Head 300 °) 

26. Confined Area Landing (Day Only) 

27. Confined Area Takeoff  and Low Level Back to 
Field (A/S 60) (Af t -400 day; 500 n ight )  (Hdg 120 °) 

28. Modif ied Pattern (Shallow Approach to Touchdown) 

29. ITO - Climb to I000' and Hdg 180 ° 
(S tab i l i ze  1 min) 

30. Standard Rate Climbing Right Turn to 1500' and 
Hd9 360 ° (S tab i l i ze  1 min) 

31. Standard Rate Descending Lef t  Turn to fOOD' and 
Hdg 180 ° (S tab i l i ze  1 min) 

32. Decelerat ion to 40 Knots 

33. Accelerate to 90 Knots 

34. IP Issues GCA Back to H igh fa l l s ;  Take & Land A/C on 
Short Final 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 
R 
R 
R 
R 
R 

R 

R 
R 
R 
R 
R 

R 

R 

R 

R 

R 

R 

GRADE 

18345678910 

12345678910 

12345678910 

12345678910 

18345678918 

12345678910 

12345678910 

12345678910 

12345678910 

12345678910 

12345678910 

12345678910 

12345678910 

12345678910 

12345678910 

12345678910 

12345678910 

12845678910 

12345678910 

12345678910 
12345678910 
12345678910 
12345678910 
12345678910 
12345678910 

12345678910 

12345678910 
12345678910 
12345678910 
12345678910 
12345678910 

12345678910 

12345678910 

12345678910 

12345678910 

12345678910 

12345678910 

12345678910 

12345678910 

12345678910 

12345678910 

12345678910 

12345678910 

A-3 
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FEELING TONE CHECKLIST 

We would l i k e  to  f i nd  out how you fee l  r i g h t  now. Below you w i l l  see lO statements which descr ibe 
d i f f e r e n t  degrees o f  f reshness or peppiness and t i r edness .  For each statement  you w i l l  have to  
determine whether you fee l  a t  t h i s  t ime ( 1 ) " b e t t e r  than , "  ( 2 ) " same  as , "  or  (3) "worse than" the 
f e e l i n g  descr ibed by t ha t  s tatement .  
Consider the f o l l o w i n g  example: 

Be t te r  Same Worse 
Than As Than 

I .  ( ) ( ) (XX) 

2. ( ) (xx)  ( ) 

3. (XX) ( ) ( ) 

Having done th i s  you w i l l  p lace an "X" in  the app rop r i a te  box. 

Statement 

Extremely f resh 

S l i g h t l y  t i r e d  

Completely exhausted 

In o ther  words, t h i s  person fee ls  worse than "ex t reme ly  f r e s h , "  about the same as " s l i g h t l y  t i r e d , "  
but ,  on the o ther  hand, b e t t e r  than "comp le te ly  exhausted. "  

Now, answer each of  the f o l l o w i n g  statements as f o l l o w s :  

I f  you fee l  b e t t e r  than the s ta tement ,  p lace an "X" in the " b e t t e r  than" column. 

I f  you fee l  about the same as the s ta tement ,  place an "X" in the "same as" column. 

I f  you fee l  worse than the s ta tement ,  place an "X" in the "worse than" column. 

Remember, answer each quest ion w i th  regard to  how you fee l  a t  t h i s  i n s t a n t .  

I .  

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

lO. 

Be t te r  
Than 

( 

(xx  

( 

(xx  

( 

( 

( xx )  

( ) 

( xx )  

(xx )  

Same 
As 

(XX) 

( ) 

(xx) 

( ) 

( ) 

(xx) 

) 

Worse 
Than 

( 

( 

( 

( 

(xx  

( 

( ) 

(xx) 

( ) 

( ) 

Statement 

Very l i v e l y  

Extremely t i r e d  

Quite f resh 

S l i g h t l y  pooped 

Extremely peppy 

Somewhat f resh 

Petered out 

Very re f reshed 

F a i r l y  we l l  pooped 

Ready to drop 
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NAME 

DATE 

TEST NO. 

TIME 

MOOD CHECKLIST 

INSTRUCTIONS 

On the fol lowing pages you w i l l  f ind l i s t s  of words describing d i f fe ren t  

kinds of moods and feel ings. Indicate how each word is charac te r is t i c  

of how you feel AT THIS MOMENT by placing a I ,  2 or 3 in the blank a f ter  

each word. 

1 = Not at Al l  

2 = Somewhat or S l igh t l y  

3 = Mostly or Generally 

PAGE ORDER 

B - I  



1 = Not a t  A l l  

2 = Somewhat or S l i g h t l y  

3 = Most ly  or Genera l ly  

GOOD 

CONTENTED 

ANNOYED 

SAD 

INACTIVE 

ALARMED 

LIGHTHEARTED 

IMPATIENT 

GRIEF-STRICKEN 

DESPAIRING 

UNEASY 

OVERJOYED 

TERRIFIED 

B-2 



1 = Not at Al l  

2 = Somewhat or S l i gh t l y  

3 = Mostly or Generally 

INSECURE 

FINE 

LAZY 

BURNED UP 

PLEASED 

CHEERFUL 

ENERGETIC 

DOWNCAST 

SCARED STIFF 

SARCASTIC 

ON TOP OF THE WORLD 

SATISFIED 

HOPELESS 

B-3 



1 = Not at  A l l  

2 = Somewhat or  S l i g h t l y  

3 = Most ly  or Genera l ly  

LIVELY 

REFRESHED 

JITTERY 

LEISURELY 

LOW 

ALERT 

FEARFUL 

GROUCHY 

ANGRY 

RESTLESS 

STEADY 

LONELY 

APPREHENSIVE 
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1 = Not at  A l l  

2 = Somewhat or S l i g h t l y  

3 = Most ly  or Genera l ly  

RAGING 

TIMID 

MAD 

DEPRESSED 

BLUE 

WEARY 

DESPERATE 

AFRAID 

INDIGNANT 

HOPPING MAD 

QU I ET 

HAPPY 

MISERABLE 

BOILING MAD 

B - 5  
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1 = Not at  A l l  

2 = Somewhat or S l i g h t l y  

3 = Mostly or General ly 

PANICKY 

DROWSY 

MEAN 

ACTIVE 

SLUGGISH 

IRRITATED 

HOSTILE 
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1 = Not at  A l l  

2 = Somewhat or  S l i g h t l y  

3 = Most ly  or  Genera l l y  

JOYFUL 

WONDERFUL 

VIGOROUS 

INDIFFERENT 

CALM 

SORROWFUL 

SOLEMN 
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